This study was conducted to examine follicle growth and intra-ovarian oocyte release in rabbit ovaries influenced by a local application of prostaglandin formation inhibitors. While five rabbits remained as unstimulated controls, twenty-seven mature rabbits were hyperstimulated by pure follicle stimulating hormone (FSH) followed by human chorionic gonadotropin (hCG) at time 0. At the same time, 1 mg lonazolac (lonazolac group), indomethacin (indomethacin group) or saline (so-called gonadotrophic stimulated controls) was applied into the vagina of each group.
Summary.
This study was conducted to examine follicle growth and intra-ovarian oocyte release in rabbit ovaries influenced by a local application of prostaglandin formation inhibitors. While five rabbits remained as unstimulated controls, twenty-seven mature rabbits were hyperstimulated by pure follicle stimulating hormone (FSH) followed by human chorionic gonadotropin (hCG) at time 0. At the same time, 1 mg lonazolac (lonazolac group), indomethacin (indomethacin group) or saline (so-called gonadotrophic stimulated controls) was applied into the vagina of each group.
Both ovaries of each animal were evaluated morphometrically at 15, 20, 28 and 48 hr after hCG. The absolute numbers of smaller-sized preantral follicles were always higher in the gonadotrophic stimulated controls than in the unstimulated controls, the lonazolac, or the indomethacin group. The numbers of largersized preantral and antral follicles showed no differences.
Unlike the gonadotrophic stimulated controls and the lonazolac group, the indomethacin group displayed an increase in its mature structures (large-sized antral and preovulatory follicles, follicle and luteinized cysts) from 20 to 28 hr after hCG. Call-Exner bodies underwent pseudomucification in preovulatory follicles.
The absolute numbers of Call-Exner bodies were augmented by indomethacin.
Maturation division of oocytes began to decrease in all three treated groups between 15 and 20 hr post hCG, but the height of intra-ovarian oocyte release (IOR) appeared at 28 hr. This coincided with a striking thrombus formation.
It is assumed that: 1) lonazolac and indomethacin inhibit early development of proliferating follicles; 2) lonazolac and indomethacin have no effects on the maturation division of the oocyte and of IOR; 3) IOR extends over a longer period after ovulation induction in contrast to the maturation division of the oocyte ; and 4) thrombus formation is related to IOR.
A considerable number of published reports state that prostaglandins (PG) of the E and F series control cyclic processes in the ovary. They have been associated with resumption of meiosis, with rupture of preovulatory follicles, and with luteinization (DENNEFORs et al., 1983) . Whether PG are also involved in follicle growth, has not been precisely determined (ARMSTRONG, 1981) . Follicle epithelial cells may be responsive to PG during both early and late stages of development.
As both PG and gonadotropins influence *Financial support was given by the Deutsche Forschungsgemeinschaft , grants nos. Sp 231/2-2 and Schl 140/4-4.
follicle function by the intracellular production of cyclic adenosine monophosphate, PG might affect follicle stages which fail to or only weakly respond to gonadotropins. Intra-ovarian oocyte release (IOR) can be considered an abnormal process of follicle rupture which releases the oocyte into the ovarian stroma.
IOR appearing in the preantral and antral follicles of immature and mature rodents is increased in number by gonadotrophlc stimulation (SPANEL-BOROWSKI et al., 1982a , b, 1983 SPANEL-BOROWSKI and AUMULLER, 1985) . According to the supporting role of PG in the rupture mechanism of preovulatory follicles, a local PG activation could occur during the IOR processes as well. However, contradictory results have reported that treatment with indomethacin, an inhibitor of PG formation, induces IOR in ovaries of preovulatory rats and mated rabbits (OSMAN and DULLAART, 1976; BOMSEL-HELMREICH and VU NGOC HUYEN, 1982) .
In order to clarify these problems, rabbits were hyperstimulated by gonadotropins to induce follicle growth.
A low dose of lonazolac or of indomethacin was applied into the vagina at the time of ovulation induction. Such treatment with one of these enzyme inhibitors of the arachidonic acid cascade effectively blocked ovulation as demonstrated in a previous study (SCHLEGEL et al., 1986) . Morphological evaluations were performed for the different types of follicles, meiotic figures of the oocytes, and IOR structures.
MATERIALS AND METHODS
A total of 32 rabbit does (3-month-old, 2.8-3.2 kg body weight) were individually caged in a controlled environment with 12 hr light/24 hr from 3 weeks before the onset of the experiments.
Five does (Chinchilla Bastard breed) remained untreated (unstimulated controls). Twenty-seven does (New Zealand breed) were sc primed with 25 IU pure FSH (Follitropin, Serono) per kg body weight given once in the early morning. Ovulation was induced by an iv injection of 100 IU hCG (ProlanR, Bayer) 52 hr later. The hyperstimulated does were divided into three groups (n=9/group) and subjected to varying treatment at the time of ovulation induction. Group 1, termed gonadotrophnc stimulated controls, received 0.9°o NaCI; group 2, the lonazolac group, obtained lonazolac (IrritrenR, Byk-Gulden); and group 3, the indomethacin group, received indomethacin (Sigma). Lonazolac and indomethacin can be considered enzyme inhibitors of the arachidonic acid cascade (ESPEY, 1982; SCHLEGEL et al., 1986) . Lonazolac and indomethacin were dissolved in 0.9°o NaCI in such a way that 0.1 ml contained 1 mg substance. [SCHLEGEL et al. (1986) have recently described how to dissolve lonazolac and indomethacin] : 0.1 ml solution/per kg body weight was introduced directly into the vagina of each rabbit. The does from each of the above four groups were killed by an intracardial injection of 0.2 mg Embutamid (T 61, Hoechst), and in the hyperstimulated three groups at various times after hCG application: 15 (n=2/group), 20 (n=2/group), 28 (n=3/group), and 48 (n=2/group). Both ovaries from each animal were removed immediately and fixed in Bouin's solution. The tissue was dehydrated in ethanol and embedded in paraffin wax. The ovaries were completely serially sectioned into 7 1em thick sections.
They were stained with a tetrachrome-stain (haematoxylin-orange G-phosphomolybdenic acid-aniline blue). Six parameters were evaluated (Table 1) :1) the absolute numbers of intact and regressing follicles; 2) of follicle and luteinized cysts; 3) of Call-Exner bodies (ZAMBONI, 1972) ; and 4) of intra-ovarian oocyte release; 5) the percentage of oocyte maturation division in mature structures (F5=large-sized antral and preovulatory follicles, follicle Each ovary was examined six times for the separate obtaining of each parameter.
The parameters of mature and of IOR structtures were portrayed by individual graphic drawings.
Values were based on the evaluation of 120-180 sections per ovary (Call-Exner bodies excluded) and finally calculated for 150 sections. As the differences in parameters between the right and the left ovary reached 10-200, the ovaries were considered separately.
Thus, four or six single values per each group (n = 2 or 3) were used to determine the mean values per each group and its time of investigation.
However, standard deviations and statistics were considered inappropriate because of the small numbers of animals per group.
RESULTS
The pure FSH preparation along with hCG application induced follicle growth, ovulation and the formation of corpora lutea. The absolute number of all intact and regressing follicles depended on the treatment (Table 2) . The unstimulated controls, the lonazolac, and the indomethacin group (hyperstimulated rabbits treated with indomethacin or lonazolac) displayed lower numbers than the gonadotrophic stimulated control group (hyperstimulated rabbits treated with saline). This was generally evident during the period of investigation.
Slight differences appeared among the treated groups. In all three treated groups, the changes in the numbers of smaller follicles (F1 and F2) paralled those of the total numbers (F1-F5). This was not the case for larger follicles (F3-F5). The absolute numbers of regressing follicles 15 hr after hCG application were low compared with the total numbers of intact and regressing follicles (see Table 2 and 3). This statement was valid throughout the investigation.
While F5-follicles were seen in both the treated and untreated groups, follicle and luteinized cysts appeared only in the treated groups. High absolute numbers of these three mature structures were noticed in the indomethacin group (Fig. 1 ). There were as many as around 40 between 20 and 28 hr after hCG application, and 15 at other times. This low number was in the range of those values found in the gonadotrophic stimulated controls and in the lonazolac group. In contrast to the absolute numbers, the percentages of each mature structure did not vary markedly among the three treated groups during the whole time of investigation, being 62% F5-follicles, 4 % follicle cysts, and 34% luteinized cysts. Seventy percent of the mature structures from all three groups showed maturation division of the oocytes 15 hr after hCG application (Fig. 2) . While a marked decrease in maturation division was seen in the gonadotrophic stimulated controls and the lonazolac groups between 28 and 48 hr, such a decrease was apparent earlier in the indomethacin group. Call-Exner bodies were seen in two stages of development. The early stage appeared in smaller follicles and showed a cavity approximately 15 pm in diameter (Fig.  3) . The Call-Exner cavity was separated from its adjacent granulosa cells by a poorly discernable matrix similar to a basal lamina. The advanced stage of Call-Exner bodies (on average 40 tm in cavity diameter) was evident in more mature follicles (Fig. 4-6 ). The web-like and basal lamina-like structures were distinct. Advanced Call-Exner bodies of preovulatory follicles underwent pseudomucification. The absolute numbers of Call-Exner bodies did not differ markedly in the unstimulated, the gonadotrophic stimulated controls, or the lonazolac group 15 hr after hCG application (Table 3 ). The indomethacin group displayed a greater number of Call-Exner bodies than the other groups.
Intra-ovarian oocyte release was found in both treated and untreated ovaries. However, IOR appearances were rare in the unstimulated group, and found only in preantral follicles (Fig. 3 ). This contrasted with the high frequencies in the treated groups which were mostly due to the intra-ovarian ruptures of F5-follicles, of follicle and luteinized cysts (Fig. 5) . Expulsed IOR oocy tes with or without signs of a resumed meiosis and granulosa cells were found in small or large edemas (Fig. 6, 7) . White blood cells were missing from an IOR area. The absolute IOR numbers were low 15 hr after hCG application and high between hours 28 and 48, independent of the treatments (Fig. 8) .
Thrombi were only observed in blood or lymph vessels of treated ovaries (Fig. 9,  10 ). Some thrombi contained cells similar to granulosa cells or oocytes One luteinized follicle showed a clear-cut relationship between IOR rupture and a fresh thrombus found in an adjacent vessel. The intensity of thrombus formation was high for all treated groups 28 hr after hCG application (Table 4) . Further data are given in Figure 1 . Table 4 . Thrombus formation in rabbit ovaries after stimulation with FSH and hCG. The thrombus grade is high in all three groups 28 hr after hCG application. Further data are given in Table 1 a Each ovary was completely cut and every 4th section screened for the amount of thrombus forma- 
DISCUSSION
In the present study, the recruitment of smaller-sized preantral follicles was induced by the gonadotrophic stimulation. Thus, smaller-sized preantral follicles are not launched continuously, but rather in a wave-like process which has been well documented by cell proliferation studies with 3H-thymidine, e.g., in cyclic mice or dogs (PEDERSEN, 1970; SPANEL-BOROWSKI et al., 1984) or by morphometrics in monkeys (KOERING, 1983) . As shown here, the numerical increase in smaller-sized preantral follicles is impeded by a low dose of lonazolac or indomethacin applied into the vagina at the time of ovulation induction. Therefore, our morphological data support the prediction of ARMSTRONG (1981) that PG influence early growth of follicles. Smallersized preantral follicles belong to the pool of proliferating follicles whose development depends on the joint action of steroids and gonadotropins (Ross and DIZEREGA, 1983) . The question arises therefore of whether gonadotropins mediate or directly complement PG functions at that early level of follicle development.
The augmentation in number of F5-follicles, of follicle and luteinized cysts 28 hr after hCG application is selective for indomethacin.
This clearly means that indomethacin, a cyclo-oxygenase inhibitor, acts differently than lonazolac which is more 9 10 an inhibitor of prostaglandin-15-hydroxy-dehydrogenase (ScHLEGEL et al., 1986) . Such an opinion is supported by the high numbers of Call-Exner bodies in the indomethacin group not found in the lonazolac group. Whether, however, the formation of CallExner bodies is regulated by PG is unknown, along with the significance of these structures (ZAMBONI, 1972) . The reason why Call-Exner bodies undergo pseudomucification in preovulatory rabbit follicles is also unclear.
The maturation division of oocytes in F5-follicles, in follicle and luteinized cysts displays peak values in all three treated groups 15 hr after hCG application, declining thereafter.
Thus, a clear-cut effect of lonazolac and of indomethacin is missing. This contradicts a report in superovulated mice in which indomethacin inhibits maturation division (DowNs and LoNGO, 1982) . It is possible that a different dose, method, and schedule of application would explain this discrepancy.
The same explanation must be offered for the IOR appearance in this study because the IOR values are comparable for all three treated groups. The reason for this could be that indomethacin was given at the same time as hCG. An indomethacin application at Hour 7 has been found optimum for ovulation inhibition (EsPEY,1982) .
The comparable IOR values in the three treated groups prove that indomethacin does not induce IOR as has been suggested (OsMAN and DULLAART, 1976; BOMSEL-HELMREICH and VU NGOc HUYEN, 1982) . Probably IOR occurs by intra-ovarian mechanisms which are primarily independent of gonadotrophic stimulation.
But for this, IOR could not appear in untreated rabbits used in this study nor in infantile rats (SPANEL-BORowSKI and AUMULLER, 1985) . As it appears, gonadotrophic stimulation influences intra-ovarian factors leading to an IOR increase in rabbits (present study) and in rats (SPANEL-BoRowsKI et aL,1983) . It seems therefore, that the hyperstimulated follicle loses the capability to place the stigma in the proper place. A high IOR frequency was seen in all three treated groups 28 hr after hCG application. The amount of new IOR was not clear, however, as unknown amounts of old IOR were necessarily re-counted each time. Nevertheless, this relative IOR increase documents that IOR ruptures are not associated with a specific moment after ovulation induction, but instead occur during an extended period. This statement is in agreement with a report about stimulated rats which also ovulate over a longer period (WALTON et al., 1983) .
There is a striking thrombus formation at the time of the high IOR frequency. This points to a marked traumatic lesion induced by IOR. According to general pathological rules, coagulating blood factors are released after tissue damage (WALTER and ISRAEL, 1979) . They are obviously not completely counteracted by a sufficiently high fibrinolytic activity in the hyperstimulated rabbit ovaries. The ovarian fibrinolytic activity is attributed to plasminogen activators secreted by granulosa cells of preovulatory follicles (NY et al., 1985) . A high fibrinolytic activity develops in cyclic rats at ovulation and decreases thereafter (AKAZAWA et al., 1983) . In superovulated rats, a period of low fibrinolytic activity begins 24 hr after hCG application (SHIMADA et al., 1981) . Applying this information to the present results indicates that the height of thrombus formation occurs at a time when fibrinolytic activity is low, but the IOR process is still continuing.
The results of the present study are based on the evaluation of each section of completely cut ovaries obtained from 32 rabbits. Such an effort, however, does not compensate for the shortcomings that, because of the low number of animals per each time point, statistical analysis has not been performed.
For this reason, our data are to be judged with care. They are considered preliminary information worthy to be further pursued in more appropriate number of animals. 
